A direct one pot, three-component nitro-Mannich reaction of a nonenolizable aldehyde, aniline or one of its ring-substituted derivatives and nitromethane was carried out on silica gel surface. The products of the reaction, 2-aminonitroethane, were obtained in high yields. IR, 1 H NMR, 13 C NMR spectra and elemental analysis confirmed the structures of the products.
Introduction
One of the earliest C-C bond formation reaction methodologies was the Mannich reaction or more generally the α-aminoalkylation of carbonyl compounds. The reaction involves an aldehyde, usually formaldehyde, the salt of an amine and a C-H acid, a ketone or nitroalkane in a protic solvent such as ethanol. The reaction mixture is then refluxed for several days after which the product is isolated in widely varying yields [1] . The conventional Mannich reaction, however, has serious drawbacks such as drastic reaction conditions (high temperature, long reaction time, and use of protic solvents) all leading to undesirable byproducts.
In this paper, a one-pot three-component nitroMannich type reaction catalyzed by silica is reported. The reaction ocurred smoothly at mild conditions giving high yields of 2-aminonitroethane products. Similar products were obtained via a tin(II) chloride mediated addition reaction of bromonitromethane to imines [2] . Short reaction time, ease of handling the reaction and low cost of substances are the advantages of the described method here over other methods.
Results and Discussion
2-Amino-1-nitroethanes 3 were obtained from aldehydes 1, anilines 2, and nitromethane on silica gel surface in high yields (Scheme 1, Table 1 ). For example, when benzaldehyde, 4-methylaniline, nitromethane and silica gel were heated in a pressure tube for 80 min, compound 3d was obtained in 90% yield. The 1 H NMR spectrum of product 3d shows a broad signal at δ = 4.23 for the NH proton which could be quenched with deuterium oxide, a doublet at δ = 4.72 (CH 2 NO 2 ) and a triplet at δ = 5.30 (benzylic CH). The 13 C NMR spectrum showed characteristic signals at δ = 56.8 (benzylic carbon) and 80.5 ppm (CH 2 NO 2 ). The compound showed a strong IR absorption at 1552 cm −1 for the NO 2 group. All other prepared products gave 1 H NMR, 13 C NMR and IR signals consistent with the assigned structures.
It has been generally known that the reaction pathways of the Mannich reaction depend on the nucleophilicity of substrate and the pH of the re-Scheme 2.
Scheme 3.
action medium [3] . The mechanism of the silicacatalyzed nitro-Mannich reaction described here is not known, however, a proposed mechanism, as shown in Scheme 2, is suggested. This mechanism involves reaction of nitromethane or its aci-nitro (nitronic) acid form with the Si = O double bond at the surface of silica as a first step [4] . A nucleophilic attack of the product on imine or imonium ions that are formed during the course of the reaction to give product 3 and regenerates the catalyst is the second step.
An alternative mechanism involving two steps could also be proposed Scheme 3. The first step is a silicagel-catalyzed aldol-type condensation forming nitrostyrene and addition of amine to the latter to form product 3 in the second step.
Conclusion
As can be seen from the results the method described here can be considered as an efficient method for this kind of C-C bond formation reaction. Functionalities present in the products may be suitable for a wide range of other chemical manipulations. The CH 2 NO 2 unit, for example, can be transformed into a carbonyl group by the Nef reaction [5] , and then to carboxylic acid, making products 3 precursors to some α-amino acids. The feasibility of replacing the nitro group by hydrogen atom (denitration) using tributyltin hydride is also important [6] .
Experimental Section
All reagents were of commercial grade, and reagent quality solvents were used without further purification. IR spectra were determined on a Mattson 5000 spectrometer. NMR spectra were determined on Bruker AC 200 MHz instrument. In all cases, samples were dissolved in CDCl 3 using TMS as internal standard. The elemental analysis was performed at the Middle East Technical University Analyses Center.
General procedure for the synthesis of 3a -3i
Into a pressure tube silica gel (0.50 g, Scharlau for thin layer chromatography with gypsum and pigment addition for UV) together with nitromethane (2.5 mmol) was introduced. Aromatic aldehyde (2.5 mmol) and aniline or its ring-substituted derivative (2.5 mmol) were also introduced. When either the aldehyde or the aniline derivative or both were solids they were boiled with THF (1 ml) and the solvent was evaporated to dryness before silica gel and nitromethane were added. The tube was then closed and immersed into an oil bath where the temperature was kept at 60 -70 • C. The reaction was monitored by TLC, ethyl acetate / hexane mixture 1 : 5 was used as eluent. It was found that the reaction was about 80% complete after the first 20 min.
After 2 -3 h the contents of the tube were extracted with ethyl acetate (30 ml). The extract was successively washed with 3 × 20 ml portions of 1 M HCl solution, saturated aqueous NaHCO 3 (20 ml) solution and brine (20 ml). The solution was then dried over anhydrous MgSO 4 . The solvent was evaporated and the crude product was purified by column chromatography (silica gel, ethyl acetate / hexane mixture 1 : 4 as eluent).
General procedure for the synthesis of 3j -3m
Paraformaldehyde (2.5 mmol), aniline or its ringsubstituted derivative (2.5 mmol) and dry THF (1 ml) were boiled in a pressure tube until no solid was observed. Silica gel 0.50 g and nitromethane (2.5 mmol) were introduced. The tube was closed and immersed in an oil bath at 60 -70 • C. The reaction was completed as before and also the workup and purification procedures were similar. 
2-(4-Bromoanilino)-2-(2-methylphenyl)-1-nitroethane

2-(4-Nitroanilino)-2-(4-ethylphenyl)-1-nitroethane
